Gastro-intestinal argentaffin carcinoma has lately been recognized as an endocrine growth which may cause flushing attacks and cyanosis, and perhaps stenosis of the pulmonary valve of the heart. The existence of this syndrome was suggested by Bibrck et al. (1952) , who described the post-mortem discovery of argentaffin carcinoma of the ileum in a patient who had complained of cyanosis, flushing attacks, dyspnoea, abdominal pain, and diarrhoea, and who had a pulmonary valvular stenosis. In the same year similar features were recognized by Waldenstrom and Ljungberg in a patient who had had an argentaffin carcinoma excised in 1944, and by Bjbrkman in another case at necropsy. The observation of changes in skin colour and of flushing attacks led to laparotomy in two further patients, and argentaffin carcinoma was found. To a detailed description of these five cases Thorson et al. (1954) have added one from their hospital records and have considered three described by Isler and Hedinger (1953) , two by Rosenbaum et al. (1953) , and five reports from earlier literature. Other probable cases have been described after death by Ratzenhofer and Lembeck (1954) , Branwood and Bain (1954) , Jenkins and Butcher (1955) , and Fraser (1955) , while Page et al. (1955) mention a patient with characteristics of the same syndrome.
We have recently encountered a patient in whom, following resection of a stenosing tumour of the ileum, the probable histological diagnosis was postulated on the basis of the reddish-blue colour of the patient's skin. Affinity of the tumour cells for silver was not demonstrated, but we believe that the finding of raised levels of serum 5-hydroxytryptamine (5-H.T.) and urinary 5-hydroxyindoleacetic acid (5-H.I.A.A.) confirms that the tumour originated from argentaffin cells.
Case Report
A man aged 23 was admitted to hospital in January, 1955, with intestinal obstruction and a history of flushing attacks and cyanosis.
Skin Colour.-Since the age of 18 years his face had become red. It felt warm during almost every meal, and this flushed feeling usually subsided in about half an hour. In the past year there had also been some blueness of the face and hands out of doors, and he attributed this to the cold. He had become used to his colour, which caused him no concern. On examination at rest the face was red with a bluish tinge. Dilated capillaries were easily seen with the aid of a loupe. There was no clubbing of the fingers.
A bdominal Condition. For ten months he had suffered repeated bouts of spasmodic central abdominal pain lasting about 24 hours, and accompanied by vomiting. At these times he could palpate a swelling in the lower abdomen and could feel it move. The attacks would often subside after a series of loose black stools, but there was no diarrhoea at other times. There had been some flatulence and borborygmi, and heartbum had been troublesome. His appetite was fair and he was not aware of any change in weight. For two weeks before admission he had suffered pain every day, and in the last 36 hours he had vomited repeatedly. On examination -there was no abdominal distension. During a spasm of pain a tender, mobile, sausageshaped swelling was palpated in the hypogastric region, and there was transient visible peristalsis in the same area. When the spasm had subsided the abdomen appeared normal. Laparotomy revealed a stricture of the ileum 60 cm. from the ileo-caecal valve, associated with contracted mesentery containing two enlarged lymph nodes. In the liver were numerous hard nodules up to 2 cm. in diameter. The thickened mesentery and glands were excised with the stricture, and continuity of the ileum was restored by sideto-side anastomosis.
Investigations
Pathology.-The specimen consisted of a segment of small intestine with obstruction caused by a ring stricture. Above this there was distended loop of hypertrophied ileum, and below was a segment of collapsed bowel. In the adjacent mesentery the lymph nodes were enlarged and had obviously been invaded by secondary tumour. Microscopically the muscle wall was invaded by sheets of eosinophilic cells with poorly demarcated outlines and palestaining nuclei with a well-marked membrane. In some areas a pseudo-adenomatous arrangement was present (see Fig.) . The sections resembled Kultschitzky-cell carcinoma more closely than adenocarcinoma, but affinitv of the cells for silver could not be demonstrated. The lymph nodes were invaded by sheets of cells similar to those of the primary growth in the bowel wall.
Blood. Haemoglobin, 72%; red cells, 4,310,000. The blood contained no sulphaemoglobin or methaemoglobin.
Serum 5-Hydroxytryptamine.-The patient's serum 5-H.T. content was estimated from blood collected between flushing attacks nine days after operation, and was found to be 3 Mg. per ml., almost ten times the highest value obtained from six normal human subjects by Cottrell et al. (1955) . who recorded the following results: 0.05, 0.1, 0.175, 0.182, 0.26, and 0.354 Mg. of 5-H.T. per ml. of serum. The method used throughout was that of Amin et al. (1954 Radiological examination showed that the heart was normal in size and shape. There was no right ventricular enlargement and no abnormality of the pulmonary conus or pulmonary artery to suggest pulmonary stenosis. The vascularity of the lung fields was within normal limits. Examination at another hospital within the previous three months had shown a coarse systolic murmur over the xiphoid process.
A phonocardiogram had indicated a systolic murmur at the apex and a short diastolic murmur over the lower left sternal border. A radiologist suspected pulmonary stenosis. Barium-meal and barium-enema examinations had been negative, and a " follow-through " examination had been advised. Progress
Peristalsis returned within 36 hours after operation, and the bowels began to move four or five times daily.
The red colour of the face persisted and the patient continued to experience flushing. Walking 100 yards caused him no distress, but produced a deep uniform cyanosis of the whole of the face, head, and neck, and, to a less extent.
of the limbs and trunk. After a few minutes at rest pink thumb-nail patches appeared in the blue skin of the face and chest and persisted as the cyanosis decreased.
Five months later he was reported to have been at work as an electrician for three months and was feeling well. The changes in skin colour had continued.
Discussion

5-Hydroxytryptamine
This was first detected as " enteramine" (Vialli and Erspamer, 1933) , which was assumed to originate in the Kultschitzky cells of gastro-intestinal mucosa (Erspamer, 1940) . It was later isolated from blood as "serotonin" (Rapport et al., 1948) , and was synthesized (Hamlin and Fischer, 1951) .
Feyrter suggested that the scattered gastro-intestinal argentaffin cells might possess an endocrine functional unity, and pharmacological assay of argentaffin tumours was attempted by Feyrter and Unna (1936) , and by Selberg (1941) , but with inconclusive results. Lembeck (1953) obtained a post-mortem specimen of argentaffin tumour for assay, and found at least 2.5 mg.. of 5-H.T. per g. of fresh tumour tissue. He detected also another smooth-musclestimulating substance which was not identified. Similar evidence of the high 5-H.T. content of argentaffin tumour tissue was found by Page et al., who estimated 0.9 mg. of 5-H.T. per g. from a biopsy specimen. Thorson et al. suggested that excessive secretion of 5-H.T. by argentaffin tumours might be the cause of the syndrome which they had observed. Blood collected from two patients during flushing attacks was examined by Pernow and Waldenstrom (1954) (1954) . They concluded that their results could be attributed to secretion of 5-H.T. by metastases, since the primary tumour had been removed in each case.
In normal subjects a proportion of 5-H.T. is excreted in the urine as 5-H.I.A.A. and has been estimated at 5-10 mg. of 5-H.I.A.A. daily (Titus and Udenfriend, 1954) . Urine from three patients with argentaffin tumours contained 65-350 mg. of 5-H.I.A.A. a day, although only one of these patients is known to have presented the characteristics of the syndrome (Page et al., 1955) . Reviewing 157 contributions to the literature, Page (1954) states that consideration of the functional significance of 5-H.T. depends on conjecture alone. Possible roles include control of peristalsis, stimulation of glandular secretion, antidiuretic action, some part in vascular homoeostasis and in nerve metabolism, and regulation of the excitatory nerves of the heart. 5-H.T. is present in blood platelets and may be released from platelet plugs at sites of vascular injury. It may thus be concerned in the effects of coronary thrombosis, pulmonary embolism, and traumatic shock.
The Primary Tumour Argentaffin-cell tumours may arise in the stomach, intestine, pancreas, or gall-bladder, and are the commonest new growths of the appendix and of Meckel's diverticulum. Willis (1948) finds the majority are histologically distinctive and can be identified without the unreliable silver-staining test. He o..cries the term "carcinoid" because many of them are invasive and metastasizing growths, and prefers to call them argentaffin or Kultschitzky-cell carcinomas. In the small intestine they may form multiple nodules or plaques, or single growths may encircle the bowel and cause stenosis. Spread to mesenteric lymph nodes and liver is frequent, and remote metastases may appear in lung, kidney, adrenal, brain, and skin. Isler and Hedinger mention a metastasis in a rib. Some of these tumours show very slow progress: one patient described by Thorson et al. had abdominal symptoms for 20 years before the obstruction caused by an argentaffin carcinoma of the ileum was relieved by a lateral anastomosis, leaving the tumour undisturbed. The patient survived 16 years after this operation.
It has-been suggested that the argentaffin granules in Kultschitzky cells are produced by the interaction of 5-H.T. and formalin, which produces also the yellow colour of carcinoid tumours (Ratzenhofer and Lembeck, 1954) . These authors believe that failure of silver staining may be attributable to autolysis when formalin fixation is delayed after death or after removal of the tumour at operation. An interval of not more than two hours elapsed between excision of our specimen and its immersion in 10% formalin solution. The cut surfaces of the primary and secondary tumours in the fixed specimen were greyish white and not yellow.
Hepatic Metastases
These have been present in all cases of the syndrome (see Table) . The slow progress of some of these cases makes it seem reasonable to resect the primary tumour and accessible metastases, to relieve obstruction, and to reduce the amount of tissue producing 5-H.T. One patient of Thorson et al. was still alive eight years after such a resection. Experimentally the vascular response to 5-H.T. is modified by drugs. Lysergic acid diethylamide (L.S.D.) specifically inhibits the effects of 5-H.T. on blood vessels of perfused rabbit's ear in concentrations of less than one in ten million; dihydroergotamine methane sulphate is another active antagonist (Gaddum et al., 1955) , and anti-5-H.T. effects are claimed also for chlorpromazine (Gyermek, 1955) .
In man, doses of L.S.D. around 30 pg. cause intoxication with traits suggestive of schizophrenia (Stoll, 1949) , but L.S.D. or other antagonists might have therapeutic value if they were found to prevent flushing attacks and pulmonary hypertension. Summary A case of argentaffin carcinoma of the ileum with hepatic metastases and a serum 5-hydroxytryptamine level amounting to at least ten times the normal is described. 5-H.T. originates in the argentaffin cells of gastro-intestinal mucosa, is a normal constituent of the blood platelets, and appears in the urine as 5-hydroxyindoleacetic acid. It is produced in excess by tumours of argentaffin cells, and may be associated with a syndrome comprising flushing attacks, cyanosis, dyspnoea, abdominal pain, and diarrhoea, and secondary pulmonary hypertension.
APPENDIX
Serum 5-Hydroxytryptamine.-The patient's serum, which had been frozen for transport, was stored at -170 C., and three days later was thawed at room temperature. Duplicate samples of 2 ml. were placed in clean dry flasks. A third sample of 1.5 ml. of serum was added to 1 Ag. of 5-H.T. base in 0.2 ml. of saline in a third flask.
Extraction.-Twenty volumes of acetone was added to each sample, which was shaken and then kept at 5°C. for one hour before filtering. Each precipitate was washed twice with 10 ml. and once with 5 ml. of 95% acetone; then the acetone filtrate and washings were evaporated almost to dryness, under reduced pressure at 35°C. To each sample 1 ml. of water was added before successive extractions with 15 ml. and 10 ml. of petroleum ether to remove lipids. The aqueous residues had a creamy yellow colour. They were evaporated to dryness and stored overnight at -17°C.
Assay.-The isolated atropinized oestrous uterus of the rat was used for assay of the specimens in terms of 5-H.T. base, with a sample of 5-H.T. creatinine sulphate supplied through the courtesy of Upjohn Laboratories, Kalamazoo, Michigan. The duplicate extracts were estimated to contain 3.2 yg. and 2.8 Mg. of 5-H.T. base per ml. of serum respectively, and from the third sample 90% of the added 5-H.T. was recovered.
Specificity Test.-The uterus preparation was treated with L.S.D., which is a specific antagonist for 5-H.T. on this tissue (Gaddum, 1953) . The contractions subsequently caused by the serum extracts and by 5-H.T. were similarly reduced, so the activity of the serum extracts was attributed to 5-H.T.
Urinary 5-Hydroxyindoleacetic Acid.-The sample was collected two weeks after operation and was stored in a frozen state for three months before analysis. The total volume was 815 ml.
Method.-A 400-ml. aliquot was extracted by the method of Erspamer (1955) In another patient Goble et al. (1955) have shown that blood from the pulmonary artery contained more 5-H.T.
than peripheral blood. The primary tumour was in the ileum, and there were signs of tricuspid stenosis. 5-H.T.
antagonists were given without benefit, but temporary relief of flushing and dyspnoea was achieved by intravenous administration of colloidal radioactive gold, which is concentrated in the liver.
We are indebted to Dr. T. B. B. 
